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Poaching is a crime that occurs worldwide and can be extremely difficult to investigate and prosecute due to
the nature of the evidence available. If a species is protected by international legislation such as the
Convention on International Trade in Endangered Species of Wild Fauna and Flora then simply possessing any
part of that species is illegal. Previous studies have focused on the identification of endangered species in cases
of potential poaching. Difficulties arise if the poached animal is not endangered. Species such as deer have
hunting seasons whereby they can legally be hunted however poaching is the illegal take of deer, irrespective
of season. Therefore, identification of deer alone has little probative value as samples could have originated
from legal hunting activities in season. After a deer is hunted it is usual to remove the innards, head and lower
limbs. The limbs are removed through manual force and represent a potential source of human touch DNA.
We investigate the potential to recover and profile human autosomal DNA from poached deer remains.
Samples from the legs of ten culled deer were obtained (40 in total) using minitapes. DNA from samples was
extracted, quantified and amplified to determine if it would be possible to recover human STR profiles.
Low quantification data led to the use of an extended PCR cycling protocol of 34 cycles. Samples from seven
deer amplified, however some samples were excluded from further analysis due to ‘drop in’ alleles or the low
level of successfully amplified loci. Samples from five deer could be further analysed and gave match
probabilities ranging from 6.37×10−3 to 9.53×10−11.
This study demonstrates the potential of recovering human touch DNA from poached animal remains. There is
the potential for this test to be used in relation to other species of poached remains or other types of wildlife
crimes. This is the first time, to our knowledge, that human STR profiling has been successfully applied to
touch DNA in regards to simulated wildlife crime.
© 2011 Forensic Science Society. Published by Elsevier Ireland Ltd. All rights reserved.
1. Introduction
Poaching is a crime that occurs worldwide and can be extremely
difficult to investigate and prosecute due to the nature of the evidence
available. Most cases of poaching are not detected; fail to be
recognised as a crime; or are not reported, and remains are often
found in remote regions.
If a species is protected by international legislation such as the
Convention on International Trade in Endangered Species of Wild
Fauna and Flora (CITES) [1], then simply possessing any part of that
species is illegal. Previous studies have focused on the identification of
endangered species in cases of potential poaching (e.g., [2–6]).
Difficulties can arise if the species being poached is not
endangered and there is a legal hunting season. Deer are not
endangered and can be legally hunted in many countries such as
the UK, USA, Canada, Germany, Poland and Norway for example. Most
countries that permit hunting of deer have laws relating to open and
closed seasons and under which conditions hunting can take place.
Other laws dictate aspects of deer hunting such as when and where
deer can be shot, and using what weapons. These laws and hunting
seasons can differ between different species of deer. Similar laws
govern other animals such as bear, moose, elk and some types of fish.
The identification of evidence relating to those species has less
probative value as it could have come from a legal activity.
In Scotland, where this study was carried out, deer poaching is a
highly lucrative crime with a low rate of convictions. The Deer
(Scotland) Act 1996 [7] clearly states that it is illegal to:
• take or wilfully kill or injure any deer within the close season;
• take or wilfully kill or injure deer without permission from a person
having such right;
• without legal right to kill deer or without permission from a person
having such right, remove a deer carcass from land;
• wilfully kill or injure deer otherwise than by shooting with the
prescribed firearm and ammunition;
• take or wilfully kill or injure deer by night;
• be in illegal possession of deer.
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Other countries will have similar laws relating to deer hunting.
Once killed, the typical method of preparing the deer carcass involves
removal of the legs, head and gralloch (intestines and internal
organs), which are then discarded at, or near, the kill site (Fig. 1a). The
removal of the lower limbs involves cutting around the leg
horizontally and then, through manual force, breaking the bone to
remove the lower leg and hoof (Fig. 1b). The rest of the carcass is
taken away and sold (or kept) for meat. Through removal of the legs, a
possible source of touch DNA from the perpetrator is present.
Deer remains can be discovered quite quickly (several hours to
several days) by individuals such as hikers, forest rangers or dog
walkers. The discoveries are generally made by persons who are local
to the area and who regularly use forest trails and routes. They can
provide a general timeframe indicating when the deer may have been
killed, which can provide information as to the potential success of
any DNA analysis.
In recent years, DNA profiles have become more readily obtained
from compromised samples [8–11]. Wildlife crime has not yet
benefited from these recent advances in human DNA profiling
technology. Due to the remote nature of many wildlife offences
there is often a lack of other evidence and the remoteness itself makes
the discovery of human DNA more significant.
This study was undertaken in order to determine the feasibility of
recovering human DNA belonging to the perpetrator (the hunter in
this experiment) from the deer remains left after poaching.
2. Materials and methods
All deer samples used in this studywere obtained fromdeer as part
of an annual cull. No animals were harmed directly for the purpose of
this research. The deer used in this study were Roe Deer (Capreolus
capreolus).
2.1. Collection kits
Each sterile, individually labelled kit was placed in a sterile outer
bag and consisted of: five minitapes (WA Products, Essex, U.K.) (one
for each leg and a fifth as a negative control); sterile gloves; sterile
collection bags; a buccal swab (to provide a reference sample); a
donor consent form; participant information sheet and a collection
protocol.
2.2. Sample collection
Samples were collected at time of kill by the volunteer hunter.
Deer were culled as normal and legs, head and gralloch were
removed. After culling, a negative control minitape was taken from
an area of the deer that remained untouched by the hunter. Then each
leg was sampled using the minitapes provided, following the protocol
of Hall and Fairley [12].
2.3. Contamination control
Each hunter was provided training prior to undertaking the study
by a forensic scientist with 28 years' experience. The purpose of the
study was explained in detail as well as the importance of following
the instructions to avoid any type of contamination. Stringent controls
were put in place to ensure compliance with the protocols. These
controls were in the form of reference samples and negative controls.
Negative controls were included as samples to ensure that the hunters
were not contaminating the samples during collection.
2.4. DNA profiling
All samples underwent DNA extraction using the QIAamp® DNA
Investigator Kit (QIAGEN, UK, Cat. No. 56504) on a QIAGEN QIAcube®
robotic instrument using the ‘forensic casework’ protocol with a final
elution volume of 50 μL.
DNA samples were quantified using the Plexor® HY system
(Promega Corp. USA, Cat. No. DC1001) with 5 μL Plexor® HY 2X
Master Mix, 3.5 μL amplification-grade water, 0.5 μL Plexor® HY 20X
Primer/IPC Mix and 1 μL DNA sample to make a total reaction volume
of 10 μL. Samples were amplified on a Stratagene Mx3500p real-time
PCRmachine using the following conditions: 95 °C for 2 min; followed
by 38 cycles of 95 °C for 5 s and 60 °C for 40 s. DNA quantification
values were determined using Plexor® Analysis Software.
DNA samples, plus a PCR positive and a PCR negative, were
amplified in duplicate with the AmpFℓSTR® SGM Plus® PCR
Amplification Kit (Applied Biosystems, UK, Cat. No. 4307133). Each
tube contained 9.55 μL of PCR Reaction Mix, 5 μL of primers, 0.45 μL of
AmpliTaq Gold® DNA polymerase, an optimal amount of DNA
template (if possible), and amplification-grade water up to a final
volume of 25 μL. The cycling parameters were as follows: 95 °C for
11 min; followed by either 28 cycles (reference samples) or 34 cycles
(deer samples) of 94 °C for 60 s, 59 °C for 60 s, and 72 °C for 60 s; and
a final extension at 60 °C for 45 min.
PCR products were prepared for detection on a 3130 Genetic
Analyzer (Applied Biosystems) by adding 1 μL to 10 μL of HiDi-
Formamide: GeneScan®-500 ROX Internal Lane Size Standard (17:1).
Samples were denatured at 95 °C for 3 min and then snap-cooled on
ice. Each sample was injected for 16 s at 1.2 kV and run for 30 min at
60 °C and 15.0 kV using POP-7 polymer in a 36 cm capillary. Handling
of raw data and genotyping was carried out using Genemapper® ID-X
software (Applied Biosystems, UK).
2.5. DNA interpretation
The DNA profiles obtained were analysed in accordance with
previously established recommendations [13]. Duplicate samples
were compared and only alleles detected in both amplifications
were reported. Any alleles observed in the negative control sample
were subtracted from all subsequent profiles. Only samples showing
N25% of an expected profile were analysed further. Samples with N2
Fig. 1. a) An example of deer remains left at a kill site after poaching. b) The lower limb
of a poached deer with the outline of a hand showing where the hunter would have
gripped and where potential touch DNA may have been deposited. As demonstrated
griping the limb for removal will involve touching most of the lower limb. Both images
are copyright S.S. Tobe and are used with permission.
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‘drop in’ alleles (alleles present which did not come from the donor)
were not analysed. Where only a single allele was obtained at any
locus, an additional F was reported, indicating the possibility of allele
drop out. Match probabilities for the reported DNA profiles were
calculated with www.strbase.org using a Scottish (Glasgow) DNA
database.
Percentage profiles were calculated for each sample taken from
deer using the following equation:
Number of alleles detected matching reference
Maximum number of possible alleles
:
3. Results and discussion
The mini tapes received from the hunters had blood and hair from
the deer, as well as dirt and detritus from the environment, attached
to the adhesive surface (Fig. 2). This led to an expectation of high
amounts of deer DNA, from the blood and hair, compared to low levels
of human DNA, from epithelial cells. This is reflected in our sample
quantification values which showed a maximum human DNA
quantity of 3.86 pg/μL with an average of 0.946 pg/μL±1.07 pg/μL.
In amembrane based extraction, such as the technique used in this
study, the high levels of DNA present may overload the membrane
and cause loss of DNA in the flow through. This could result in the loss
of target human DNA through preferential binding of the deer DNA,
present in much higher quantity. The level of recovery of human DNA
from the mini tapes may be improved by using a different extraction
technique that does not involve DNA binding, such as Chelex. Chelex
beads bind PCR inhibiting polar molecules whilst leaving the total
amount of DNA suspended in the supernatant [14]. All human and
deer DNA would be kept without loss. This would increase the
recovered quantity of human DNA but would also increase the
recovered deer DNA. The effect of the expected excess amount of non-
human DNA on human PCR tests (both quantification and STR) is
currently unknown.
Reference buccal samples contained ample template DNA and
were amplified and analysed successfully according to manufacturers'
protocols. The low levels of human DNA present in the samples taken
from deer led to the decision to conduct the analysis using the Low
Copy Number (LCN) technique as laid out by Gill et al.[13], with a
decreased amplification volume. The LCN method was chosen from a
number of low template DNA profiling methods due to the authors'
prior use of the technique. To provide the most conservative
calculations, even if the reference profile was homozygous at any
locus, the deer sample was reported as heterozygous with ‘drop out’
(or fail) at one allele. When calculating the percentage profiles, the
maximum number of possible alleles refers to 2×# of loci. Although
reference profiles were provided, this ensured a conservative
estimate. As all reference profiles showed some homozygosity,
when calculating percentage profiles from the samples taken from
deer, none would ever be 100% complete (Fig. 3).
Seven out of ten kits produced STR profiles of varying quality.
Some duplicates gave complete (Fig. 4) or near complete (Fig. 5)
profiles whilst others gave partial (Fig. 6) or negative results. Two kits
were excluded from further analysis due to insufficient data.
Drop-in alleles were observed in 20% of samples. Two samples
were excluded from analysis due to excess numbers of drop-in alleles
resulting in complex mixtures and un-interpretable profiles. Forty
Fig. 2. Examples of the condition of the minitapes after sampling. Blood, hair, dirt and
plant material can be clearly seen.
Fig. 3. The percentage of the expected full profile obtained (in blue) from the deer samples and the number of observed drop in alleles (squares). Black squares represent drop in
alleles that show a mixture at particular loci (N2 alleles present). Red squares represent drop in alleles at loci which could be mistaken for the profile. (For interpretation of the
references to colour in this figure legend, the reader is referred to the web version of this article.)
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Fig. 4. A near complete profile obtained from one of the test samples. No drop in was observed and on combination with a duplicate profile this sample gave an 85% complete
reference profile.
Fig. 5. A profile obtained from one of the test samples. No drop in was observed and on combination with a duplicate profile this sample gave a 45% complete reference profile.
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percent of negative controls showed amplification, although this was
low in all cases except in kit four, which showed 30% of the reference
profile and six drop-in alleles in the negative control. This is
comparable to the study by Gill et al.[13] where drop-in alleles
were found in 70% of negative control samples whereas this was
observed in only 40% of the samples in the current study. Alleles
observed in negative control samples were subtracted from the
simulated case samples for each deer. Gill et al.[13], state that this is
not necessary; due to the sensitivity of LCN a contaminant in the
negative control does not indicate gross contamination. However, for
this study we did subtract any alleles observed in the negative
controls to provide the most conservative estimate. Drop-in alleles
were observed at least once at all loci across the sample set. There was
no correlation between the drop-in alleles observed in different
samples and drop-in was not due to researcher contamination. All
alleles recorded in the negative controls were subtracted from the
samples and not included in calculations of the percentage full profile
or in the match probabilities.
Five kits had results suitable for further analysis. Match probabil-
ities were calculated for 16 samples containing N25% of a full profile
and b2 ‘drop in’ alleles (Table 1). Due to the partial nature of the
recovered profiles, match probabilities ranged from a minimum of
6.37×10−3 to a maximum of 9.53×10−11. Three samples gave a
discrimination power of 1 in over 1 billion, two of which were from
the same test kit, and a further five samples had results of 1 in over 1
million, two from the same test kit.
Some previous work concerning deer poaching has focused on the
identification of mixtures of deer and human DNA [15]. Additionally,
deer STR systems are in development [16–18], but have yet to achieve
general use or be accepted in court. There are no deer STR databases
with which to apply meaningful statistics to recovered profiles, other
than for a mule deer population in Canada [18].
Conversely, human STRs are well accepted in court and are
routinely examined by forensic scientists. If human DNA could be
recovered from deer remains in cases of poaching it would be
beneficial as human STR analysis is already validated and used by
police forensic laboratories. It would also allow perpetrators of
poaching to be linked to other poaching cases or to other criminal
cases. Incidents of wildlife crime have been linked to other forms of
criminal activity and organised crime [19]. The recovery of human
DNA not only would combat poaching, but would also serve as a
deterrent.
4. Conclusions
This is the first study which has shown the possibility of obtaining
human DNA profiles from touched areas of animal carcasses. It could
be rapidly implemented in laboratories already undertaking low
template DNA casework. It is a step forward in combating wildlife
crime and can be used for education and to deter potential poachers.
Future work is required to determine after what time since death it
would be impractical to analyse poaching remains. As deer DNA is
simultaneously recovered with the human DNA, an investigation into
the development of a standardised deer STR test and database would
be beneficial and would allow forensic scientists to not only link a
suspect to the deer remains, but would also allow the deer remains to
be linked with samples found in the possession of the suspect.
Further research would be required to determine if recovery of
human touch DNA is possible for other types of animals or other types
of evidence encountered in wildlife crime (e.g., rabbits used for
poisoned bait, feathers, eggs, snares and traps).
This is the first time, to our knowledge, that human STR profiling
has been successfully applied to touch DNA with regards to simulated
Fig. 6. A partial profile obtained from one of the test samples. No drop in was observed but on combination with a duplicate profile this sample failed to give a profile.
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wildlife crime. The success and discrimination of this technique will
improve with further study.
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